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Introduction

This report describes self-potential (SF) measurements
made near several adams In the Denver water Department
system, The surveys were conducted as part of a8 project to
determine whether or not SF measurements might be useful in
monitoring tne flow of water around dams, The study has
relevance to the problem of induced seismicity due to water
impoundment oy man=made reservoirs and the detection of

leaks in dams or dam abutments.

water flow through rocks produces electrical currents
by means of the streaminy potential mechanism. In general,
water flowing towards a region will produce a positive
anomaly 1in that area. Thus, one might expect the region
downstream of a dam to be more positive than the region on

the reservoir side ot & dam,

All measurements were made using a 10 megonm input
impedance voltmeter (keithley Model 1300) and lead-lead
chloride (Po=FoCl2) electrodes (Petiau and Dupils, 1980), A
fixed reference electrode site was chosen for each survey,
and all measurements were made with respect to this point
when possible, Electroaes were bpuried 1in moist ground
without waterina. before ana after surveying a 1line, the
electrodes were placed on @& damp soonge and the voltaae
differences recordead, These data #ere used to compute
electrode and drift corrections. #“easurements were usually

made every 5 meters, The voltage was observed until a
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Fiela work was conducted at tour sites: Ralston
Reservoir, Upper Lona Lake, Gross keservoir, and [’illon
Reservoir, All dams are earth filled and located 1in
sedimentary rocks witn the exception of Gross Reservoir==-the
latter being a reinforced concrete, gravity arch dam
situatea in iugneous rock,

kalstop Keservoir

Ralston Reservoir 1is located about S miles north of
Golden, Colorado 1in Jefferson County (Figure 1). The
reservolir is contained by an earthen filled dam which rests
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on Pierre Shale, In the vicinity of the dam, the Pierre
Shale strikes roughly north=south with a dip of from 50 to
g9 degrees to the west (Van dorn, 19%7;Van Horn, 1972), A
nogback alono the eastern shore of the reservoir is formed

by a Tertiary matic monzonite 1intrusive called Ralston dike,

SPp measurements were made on the lines shown in
Figure 2, Fiaures 3, 4, and 5 contain the SP lines parallel
the dam axis, whille Figures 6 &nd 7 show the lires
perpenaicular to the dam axis., Lines parallel to the d&n
axis are olotted from left to rignt when viewed from a point
on the downstream side of the dam, Lines approximately
perpendicular to the dam axis are plotted in the direction
of stream flow, This convention has vpeen used througnout
this report. All data were measured using the point at the
east end ot line A as a reference, EM=31 conductivity data
for some of the lines are shown in Figures 8 and 9, The
results of each line are summrarized pelow,

Line B Figure 3
Thnis line aisplays a =15 mV long wavelength anomaly on 1its
south end,

Line U Fiqure 3
The data are very noisy, put a broad =20 mwV anomaly centered
near 45 m 1Is discerniple,.

Jiine G Fiaure 4
The south end of the line has a <40 mV peak to trough (FTT)
anomaly. Near 200 m the potential begins to drop to =5 mV,

Line H Figure 4%
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A central nign rises 30 mV above the end values. The
anomaly may bpe similar to that of line G, but with the
soutnern minioum lyina presumably unobserved off the end of
the 1line. The conductor seen in the E#=31 data (Figure b)
near 160 m is of undetermined origin.

uine 1 Filgure 4
The small (15 mv PTT) anomaly does not fit into the overall
picture. Tt may oe due to localized effects and is not
considerea important,

Line £ Figure 5
A very distinctive dipolar anomaly is seen on this 1line.
Tne negative trouagh 1is assocliated with the outlet valve
nouse, Crossing to the south side of the outlet tunnel the
anomaly 1increases dramatically. 7The EM=31 data (rFigure &)
show a very good conductor near the SP negative suggesting
the source of the anomaly 1s a buried pipe.

Line C Figure 5
A narrow positive feature can be seen near 20 m, The Ek=3]
data (Figure ») becomes more conductive to the north, The
cause of this conductivity anomaly 1s not clear.

Line J F¥Figure 5
A very pronouncea negative anomaly which {is opart of a
dipolar feature is seen as the pipnes coming from the outlet
valve house (3b i) are crossed,

Line M Figure 6
This line features a proad minimum near the dam crest. The
positive anomaly is aue to some pipes which are also seen in

the E#=31 data (Fiaure 9). The E£m=31 anomaly near 200 m on
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this line is caused by a larce metal gate,

hine n» Fiqure b6
Tne maximum near 105 @» corresponds witn the maximum seen 1n
line & near 100 m, The tact that the anomaly is brcader
here, suqggests that the source is deeper than on 1line M,
The pipe wnich <crosses the road here is known to do below
the lake level,

Line L tigure 6
The ovositive anomaly at the beginning of the line
corresponds with the positive seen on line E, and is quite
localized, It is attriputea to a buried ripe,

Line K Figure 7
The dramatic anomaly is the same as seen on line J, except
that the outlet pipes are crossed iIn tne opposite direction,
Significant K#=31 anomalies (iigure 9) show the presence of
multiple conauctors.

Line A Figure 7
The voltage 1ncreases about 20 mV 1in the downstream
direction, This might oe due to water flow toward the toe
of the dam., A sinrilar feature was not seen on the other dam
abutment,

Line D Figure 7
There 1s a small negative qgradient 1In the downstream
direction, 1nis is opposite to the effect seen on line A,

Line P Filgure 7
4 20 mv decrease is seen as the dam is approached. This 1is

similar to the 30 mv mininum seen on line M near the dam,
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Interpretation

The significant S¢ anomalies appear to he aue to the
presence of burled pipes particularly near the outlet valve
house. 1ihe anomalies near the downstream ena of the pipes
are usually necative., [nese anomalies are characterized by
very short wavelengths and amplitudes of 30 mV or more. The
Sato=-mooney (1%60) theory of 8P anomalies <caused by Fh
potential graadients can be used to explain these anomalies,
shile wade o0f concrete, the outlet tunnel connecting two
regions of ditfering Eh potential, 1is propably a good
conductor bpecause of the metal pipes in it. The inlet eng
of the tunnel is located in a reducina environment Frelow
water level, while the outlet end of the tunnel is in an
oxldizing environment, These two reglons furnish chemical
species to be oxidized and reduced at their respective ends
of the tunnel, The tunnel links tnhese two reaction cells
together by transporting electrons from tne oxidation
reaction to the reauction reaction, Tne net result 1is to
have a negative potential near the outlet end of the tunnel,
Tnis process is often corrosion., It 1is also possible teo
have SP sources proauced alona a3 man=-iade conductor by
localizeda En potential variations due to changes 1In soil

cnemistry.

40 anomalies w~hich could be related to water flow
throuah the rocks in the vicinity of the dam could be seen,
This 1s either due to tne nigh conductivity of the Plerre

Shale and overhurden (0,020~0.,035% mho/m) observed by the
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kKM=31, as conauctive rocks generally nave lower streaming
potential coefficients, or the ansence of any water flow

around Ralston Dam,

Upper Long Lake

dpper wong Lake 1s located i1n Jefterson County a&about 5
miles north of Golaen, Colorado (Figure 1). The lake 1is
formed oy A natural depression in the tlank of Ralston dike,
An earthen levee nhas been added to the eastern shore line of
the lake to increase 1ts storage capacity. «#ater from Lonu
Lake Ppitch enters the lake via a tunnel cut through Ralston

dike.

Ralston dike is & mafic monzonite intrusive of Tertiary
age (vVan Horn, 1957) which intrudes tne Plerre Snale., To
the east of Upper LOng LAake the Plerre Snale strikes roughly
north=south parallel the shore line, East of the lake the

beds are overturned with a8 dip of 48 degrees to the west,

Self=potential and FM-31 measurements were made on four
lines shown 1n Fiaure 10, Three of the lines 0 N, 100 8,
and 200 S run perpendicular to the shore of lUpper Long Lake,
while the fourtn line 0 bk run parallel tne lake edge on an
access road. A tixed retference at tne north end of line ¢ FE
was usea for all of the SP measurements, 1The results ot
each line are describea pelow,

Line O & Figure 11

There is a small aecrease of tne SP signel to the east,
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This trena is superimposea with several small scale
features, Tne sharp =25 mV anomaly at 60 m hAas an
accompanying conguctivity arnomaly caused by an anandoned
water supply line. Small positive features are seen near
7% m, 115=-135 m, and 160=-185 wm, These features correspond
with water seeps which occur along bedding planes in the
Pierre Shale. The seeps are quite visible and cause the
grass near themn to qQrow vigorocusly. A second conductivity
anomaly can be seen near 175 m which is probably due to a
water seep at this location, A large conductivity anomraly
is seen at the east end of this line as well as line 1006 &
and 200 S, which 1is attriobuted to the presence of Lower Long
Lake where all the lines terminate, The lake increases the
water content of the surrounding soil thereby increasing its
conductivity,
Line 100 & Filgure 12
The most promrinent feature on tnis 1line is the 60 mV &P
anomaly near 7C m, A small EM=31 conductivity feature is
associatec w#ith this anomaly, It is 1interpreted as being
due to the same pipe line seen on profile 0 N, Two positive
features associated with water seeps are seen at 120=155 m
and 170=-185% n, the latter having a modest conductive
anomaly. A conductivity increase 1s seen as Lower Long Lake
is approached. A general decrease in voltage occurs in this
direction.
Line 200 S8 Figure 13

This 1line exhibits no large SP anomalles. A general

decrease 1in voltaae down the nillside 1is reversed at the
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east end of the line as the electrode is placed in moister
soil. A small negative anomaly (=10 mvV) is associated with
the ourjed water 1line at 55 m, as well as A small
conductivity anomaly, wmater seeps at 150 » and 165h ©
produced two small positive SP anomalies and the
accompanying E&NM=31 anomalies, Seeps petween ob m and 105 m
produced 8 small positive feature, but the correlation
between the seep location and the SP apomaly is not as daood
as at the 150 m ana 16b m locations,
Line 0 kE Figure 14

This 1line follows the edae of the Uprver Long Lake
empankment, The SP data show no clear anomalies which can
be associated witn any gqeclogic features, The EMe=31
conductivity measurements observed a three-fold increase in
conductivity near 15uvu m, The cause of tnis <change 1is not

clear,

Interpretation

The tnree lines perpendicular to the lake embankment
snow a gradual decrease 1in tne SP signal in the downhill
direction. This effect is opposite to what one would expect
if there was & fluid flow aown the slope producing streaming
potential sources. The water seeps are due to enhanced
permeagpility conauctivity along beddina planes. water
seeping out of uUrper Long Lake encounters these permeable
zones and flows ue the westward facing dip slopes until the

surface is enccunterea, and then flows out onto the surface,
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The zones of increased permeabllity are due either to
jointing or compositional changes in the Pierre Snale, The
increased water content produces the opbserved conductivity
anomalies, Poldini (1939) and Corwin and Hoover (1979) have
reporteg positive Sp¢ siunals associateo with wet soil. 1lhe

observations at Long Lake suvport this conclusion,

A strong SP anowmaly was seen over the abandoned water
line which 1is <crossed py line 0 n, 100 §, and 200 &5. T1rne
source of this anomaly 1is confirmed by the Em=31
measureiments, 7These anomalles are probahbly due to corrosion
of tne apandoned water line. A reglonal decrease in the §F
signal was observeda in traversing down the nill to the east
of Upper LoOng Lake, Ihese anomalies are prooaply not
gssociated witn electrokinetic sources produced hy water

flow out of Upper Long Lake.

(sross keservoir

Gross kKeservoir is formed by a 275 foot high reinforceo
concrete, g@gravity=arch dam across South Boulder Creek five
miles south=west of Boulder, Colorado (Figure 15). The dam
is anchored in Precamprian koulder Creek Jranodiorite
(nells, 1967). 'Ine western end ot the dam cuts through a
quartz monzonite dike. #Ho magped faults intersect the study

area,



Gross kReservoir rage 12

A reterence electrode was placed near the base of tne
dam on the east ena of line A (Figure 1o). This electrode
was used as & reterence tor lines a4, #, C, D, &, ¥, and G,
A secona reference point near the east dam abutment on the
soutn end of line H was used for lines H, I, and J. Due to
tne ruaged terraln along the eastern abutment, no atteapt
was made to tie the two retfterence points together. EM=31
conductivity measurements were made along line C,

Line C Fiaure 17
This line hes 2 very dramatic positive anomaly (+25U wV)
over pipes leading from tne diversion tunnel outlet (25 =),
A second, smaller positive anomaly (+150 mV) 1is seen near
the set of pipes (85 ®) «#hich lead to the outlet valve
house, These twe anomalies are superimposed on a negative
trend near 160 m, The iM=31 conductivity profiles (Figure
18) snow large conauctivity anomalies in the range from 20 m
to HG m for rpotnh orientations of the instrument. The
conductivity anomaly near O m 1s caused by the presence of
the dam face,

Line I Figure 17
This line has a markea negative anomaly of =-160 mV centered
across the creek from tne cutlet valve nouse,

Line B F¥Figure 19
This line goes down the slcpe leading to the pase of the
dam, An 1iIncrease 1in voltage of over +1U0 mv 1is seen along
the protile, GUne miaht suspect that this anomaly 1is due to
a streaming potential etfect caused by the flow of water

arouna the west end of the dam towards its base, However,
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line E (Flgure 19) aoes not show a similar pehavior. The
anomaly 1s therefore attributed to @ negative potential near
tne west ena of the dan, (See line ¢, Fiaure 20),

Line A& Figure 19
A large negative anomaly (=130 wmv) was observed near the
terminus of the diversion tunnel (=105 m), This is in
markec contrast with the +250 mV apomaly seen on line (
(Figure 17) where tne diversion tunnel is crossed (25 m),
Tne short wavelength feature pear 30 m occurs near the face
of the dam, 1Its source is not clear.

Line k£ Figure 1Y
The east end of this line has a large negative anomaly which
corresponds to tne negative anomaly seen on line 0 (kigure
17) near 60 m. Line £ terminates at the 100 m mark on 1line
D

Line ¥ Figure 20
This line is <c¢haracterized by a oroad negative apomaly
(=100 wV) which 1is oftset from the crest of the dam by a few
tens of meters, The small negative feature at 275 m is also
seen on line G near 55 m. 1The sharp neqative (=90 m) near
330 m is due to a buried darain pipe,

Line ¢ Figure 20
The negyative anomaly near 55 m corresponds with tne miniwum
on line b at 274 m,

Line H tiagure 21
The data are rather noisy, but a bproad negative (=20 mVv)

anomaly near YU m of undetermined origin can e seen,
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Line 1 Figure 21
Tnis line has no remarkanle features which are understood,
Negative anomalies are associated witn eacn end of the line,
Line J Figure 21
The data are very noilsv, but the c¢entral portion of the
profile appears to pe negative (=25 myv) with respect to the
ends., The location of this maximum offset is a4apout 20 m

upstream from the dam crest.

Interpretation

'ne largyer ooserved enomallies are associated with the
diversion and outlet tunnels and accompanving ripes.
Corrosion of these structures probably produces the
anomalies. These anomalies are much larger than any of the

others seen in the survey,

sroad, low amplitude necative anomalies were seen along
lines perpendiculsar to the ends of the dam. 'hese mray pe
due to <corrosion effects in the concrete, or aue to
strearinog potential _effects. vodelling of the anoralies
oroduced by water flow around the dam abutments aight hnelp

in distinquishing bhetween these two models.

Dillon keservoir

Dillon Peservolir is locsted near the town of Dpillon,
Colorado about 60U miles west of Lenver (Figure 22). A larqe

earthen gam rests on Lower C(retaceous and Upper Jurassic
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sedimenptary rocks (Tweto,1Y%73)., The dam is conorised of two
sections. 1ne larger section to the west of triangulation
station rirst is resaily seen from interstate highwsay I=70,
The section to the east of F(irst 1s smaller and 1less
visiple. The ULakota Sanastone crops out between these two
sections of the ocam and forms the small hill on wnich First

is located.

I'ne tow drain at the base of the western portion ot the
dam 1s usually dry, nut the eastern section toe drain
collects water at a rate of apout 20 aallons/minute, The
probanle source of this water is a flow path through tne
nighly fractured Daxkota Sandstone in the vicinity of the

adam,

5F measurements were made along the lines shown in
Figures 23 anc 24, 'lhree separate SP reference points were
used for tne survey. For lines A, B, and C the reterence 1is
at the east end of line C, Lines D and E used a reference
at the north end of line D. All work on the eastern section
of the dar (lines F through N) used a reference on the west
end of line ¥, nho attewot was wmade to tie all ot the
reference points togetner,

Line A Filaure 25

Several small positive spikes of unknown origin are seen at
20 m, 50 m, 75 m, 115 m, 280 m, 320 m, 350 m, and 380 m,
The 1line is unremarkapbie with the exception of a larae
negative anomaly (=30 mV) near 410 m caused py a buried

irrigation pipre., 'This pipe was also detectea py the EM=31
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measurements, Another dramatic Es=31 anomaly at 170 m is
due to & steel fence. A general decrease In conductivity of
about 30% exists between the conductivity maximum near 240 n
and the lower values petween 320 m and 380 m,

Line B Figure 2o
There is a hint of a broad negative anomaly (=20 mV)
centered at 120 m, but the noisy nature of the data makes
its presence guestionavle,

Line C Figure 27
The nost prominent feature is a =20 mv negative anomaly at
140 » followed py a +30 mV swina, The cause of these
anomalies 1is not clear. The corresponding conductivity dats
show only modest changes with small increases centered at
60 m and 180 m, The short wavelength, nignh amplitude
anomalies petween 320 m and 370 m are ororably due to very
noisy aata., The potentials recorded in the reagion were
sunject to sever temwporal variations., Due to the increased
noise it was not prossible to continue the line across the
toe of the dam,

Line U Frlaure 28
There is a larage negative anomaly (=80 mV) near 100 m which
is dye to tne puried outlet tunnel. A small conductivity
anomaly 1is seen near the outlet tunnel abutment (120 m),
Tne E¥M=31 anomalies a3t 200 m and 250 m are due to a burled
telerhone line and a metal fence respectively.

iine £ Fiqure 23
There is & large negative anowaly (=80 mVv) at 60 m similar

to that seen on line D. It is probably assoclated with
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corrosion 1involvina the outlet tunnel, There are ro
remarxable Em=~31 anomalies,

Line ¥ Figure 29
There is a positive transition of about +30 aV between 130
and 200 @, The cause 1s not cClear. The conductivity
increases markedly near 200 m at the center of the toe drain
possioly aue to increased moisture content caused by water
seepage., 1Tnhis suggests that the source of the water is to
the west of the 200 m point--possibly in the jointed Dakote
Sandstone outcrop near the crest of the dam,

Line G Figure 30
The data are guite noisy with a ageneral aecrease to the
northn. The conductivity anomaly at 5 m is due to a buriea
telephone line,

ILLine ¥ Figure 40
In spite of the noisy data, the =37 mV minimum at 3U m seems
real, put its cause 1is not clear. Conductivity increases to
the nortn possibly bpecause of water drainage 1Iin that
direction, Ine conductivity 1low a8t the nortnh end of the
line is due to a parped wire fence,

Line 1 Figure 31
Tnis line runs parallel anc within several meters of the
center of the drain system, There is a positive feature
petween 20 m and o6® m with an associated conductivity
increase suggesting tnat these anomalles are due to a reaion
of increased water content,

Line J Figure 31

There is a deneral decrease in potential towards the north,
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Ihe negative anomaly at 70 m appears to be associated with a
power line suprort., fhe concauctivity anomalies at both ends
of the line are aue to & buried telepnone cable and a karbeoq
wire fence,

Line K Fiqure 32
The SP proflle increases downhill (toward the north) and 1s
possiply due to streaninu potential effects caused py water
flow., The small concuctivity anomaly near the start of the
line is due to a buriea telephone line,

Line L Figure 32
As in the previous line, the SP value increases down hill
suggesting a streaming potential source, 7The EM=31 anomaly
is due to a buried telephone line,

Line M Figure 33
This line is very sinmilar to tne two previous lines,

Line ~ Figure 33
The SP line is similar to the three previous 1lines, The
conductivity anonraly at the peginning of the line is cue to
the puriea telephone line, and the anomaly at 55 m is caused

by a puried canle TV line.

Interpretation

The aata from lines A, v, and C snhow no features of
significance, The two lines near the outlet tunnel have the
large characteristic anomalies which have been seen near
other outlet tunnels. Tney are probhably due to corrosion

and £Eh potential effects as descrioved previously.
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Tne nata near tne eastern portion of the damr are
slightly more 1Interesting. Line X, L, ¥, and s, which are
outside of the collection region for the toe drain, appear
to exhipit anomalies due to water flow down the hill
(northwara) away from the dam, Line G, H, I, and J, on the
other hand, a&are 1in tne drained region, (round water is
collected by the toe arain system thereby eliminating the

streaming potential effect.

Summary

The results of the $P measurements at four dam sites
have revealed several interesting anomalies. The largest
anomalies were seen in the vicinity of the outlet tunnels,
These are typically, put not aiways, negative, They are due
either to corrosion of the metal in the tunnel, or to an
oxidation=reduction reaction pair whicn uses tne tunnel as &
means of coupling electrons between these reactions, The
inlet end of the tunnel in the reducing environment would ne
the site of the oxidation reactlion, andg the outlet end of
the tunnel in the oxidizing environment would pbe the site of
the reduction reaction., Additionally, there were anomalies
associated with the corrosion of buried pipes, These
reoresent a noise source which will be present at most dam

sites.
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Kalston and Gross dams had a small negative anomaly
associatea witnh the crest of the dam, The cause of this
anomaly 1is not clear, It may be due to water flow Aarouna
the end of the dam, but modelling will be necessary to test

this nypothesis.

tlectrofiltration effects were probably seen along the
eastern section of Dillon dam where there is a flow of water
which most likely comes from the jointed sandstone outcrop
near the middle of the dam crest. In regions where there 1is
a toe drain system, tnis anomaly is eliminated. Because the
drain provides such @& good flow path for the seepage, it
eliminates the percolation of water tnrough the ground and

conseguent electrofiltration eftrects,

Seepage along beddinag planes in the Plerre Shale at
Upper Lonu Lake produced small positive anomalies due to the
increaserq moisture content of the soil. This phenomenon has

been previously reported in the literature,

while no anomalies were seen which could be
uneguivocally attriputea to water flow near the dams, this
does not completely rule out the possibility of the
self=potential method being useful for detecting dam leaks,
All of the sites studied are not considered to have leaks,
tnus the metnod has not peen tested in a suitable situation.
Furthermore, most of the sites (Ralston, Long Lake, ana
Dillon) were in fairly conductive sedimentary rocks which

would minimize streaming potentisl effects.



Acknowledgment Page 21

Acknowledgment

Tnis study would not have been possible w#without the
help of FRoger Grette wno assisted with the fileld work and
data reduction, «e would like to thank several emplovees of
the ©Denver water vepartment for their cooperation: Quentin
Hornhack tor discussing the geoloagy ana suitability of the
various sites: R. D. Panessi for granting access to the
land; wally wilcox, Terry Mast, and Raymond w~eaver for

familiarizing us witn the peculiarities of the dams,



References Page 22

rKeferences

Corwin, K, F,, and Hoover, ., B., 1979, The self=potential
metnod in geotpnermal exploration: Geopopbysics, 44,
220=245,

Petiau, G., and buvis, A., MOlse, temperature coefficient,
and lono tern stebility of electrodes for telluric
opbservations, Leophys. ELOSR., 648, 792-804,1980,

Poldini, K., 1939, Geopnhysical exploration by spontaneous
polarization methods: kinlong £agazipe, &4, 22-27.

$ato, Motoaki, and mooney, h, M,, 1960, The electrochemical
mechanism of sulfide selt=potentials: Geanhysics, 23,
226=249,

Tw#eto, Uaden, 1973, Feconnalissance c«aeoloagic map of the
villon 15=minute quadranagle, Summit, £aale, and Grand
Counties, Colorado: U.S. Geological Survey Upen=File
Report nNo, 177c.

van #Horn, Richardg, 1957, bedrock dgeology of tne Golden
QJuadranagle, Colorado: U.S., Geological Survey Geological
Guadrangle map GuU=103, scale 1:24,000,

van Horn, kKichard, 1972, sSurficial and bedrock geologic map
of tne Golden uJuadrengle, Jefferson County, Colorado:
U.S. Geological Survey Atlas of tne Golden Quadrangle,
Colorado M&ap I=76l=A, scale 1:24,000,

wells, J. Dey 19607, Geology of the Eldorado Springs
quadrangle wnoulder and Jefferson C(ocunties, Colorado:
Contrioution to General Geoclogy, U.5. Geological Survey

sulletin 1221=-0L, 85 D,



Figure Captions Fage 23

Fiqure

Fiagure

Figure

Figure

Figure

Figure

Figure

Fiaure

Figure

Figure

Figure

Figure

Figure

1

P4

10

11

12

Fiaure Captions
Location map of Ralston Reservoir and Upper Long
Lake, The poxes show the locations of the
traverse maps 1n kigures 2 and 10,
Location mao of traverses near Ralston Reservoir,
The 1line wnich 1is marked with a "boat" at each
end 1s a reference 1line for the survey, 1t
proviaes & means of easily aliagning the data
plots, The "boats" are also plotted on the date
traverses whicn cross this line,
Ralston 5P lines B and U parallel dam axis,
Ralston SP lines G, d, and 1 parallel dam axis.
Ralston &¢ lines t, C, and J prarallel dam axis.
Kalston SP lines W, L, and N perpendicular dam
axis.
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